Introduction
The objective of classical community indices is to condense community data into one or a few variables to simplify analysis, interpretation, or review. To be successful as an indicator, a single index must be able to perform one of two functions: either reflect a past ecological process or predict a future ecological process. The success of community indices to reflect ecological processes or predict patterns depends on the relative completeness of ecological knowledge. A limitation of community indices is that they rely on pattern to reflect process, and often several processes can result in similar patterns. Productivity, resilience, and stability are some of the ecological functions relevant to ecosystem management, and some early successful attempts to link diversity with function include Rosenberg (1976) and Schafer (1973) . However, the link between ecosystem process and diversity is not always clear even for well-studied communities, so it is not surprising that linkages between ecosystem processes and nematode diversity are also unclear (Ettema, 1998) .
Two ecological approaches are necessary for community analysis, both autoecology, the study of an individual species and their interaction with the environment, and synecology, the study of a community of species interacting together in a predictable manner for several groups of organisms, including nematodes. Nematode communities differ in the degree to which their autecology and synecology are understood and, thus also vary in the potential for classical community indices to reflect ecological processes. Often simple univariate indices are more successfully applied to communities in which the autecology of community members and the synecology of the system results in processes that have distinct and well known patterns. This is not always the case for nematode communities, however. When the ecology of the community or system is poorly understood, more complex community assemblage and multivariate community analysis is required to discern patterns. Application of diversity indices to describe nematode communities is insufficient as a stand-alone indicator of ecological processes because the ecology of nematode communities is simply not known well enough for most habitats.
For ecological community assays, a few routine diversity indices can be reported in ecological studies to benefit meta-analyses in linking past, present, and future studies. However, the current state of knowledge does not permit univariate diversity indices to conclusively reveal ecological processes. Therefore, it is imperative to complement univariate identity-independent approaches with multivariate identity-explicit approaches to improve our understanding of both the autecology of individual community members and synecology of the community as a whole. In this chapter, we first offer recommendations on performing some of the common identity independent ('diversity') indices and, secondly, suggest methods of incorporating community data into identity-explicit analysis with community assemblage and multivariate techniques.
Univariate Identity Independent Indices
In the broadest sense, diversity can refer to the sum of differences in form and function of life, including multiple scales of organization (ranging from the gene to the biome), space (with alpha diversity reflecting localities, beta diversity reflecting landscapes, and gamma diversity reflecting regions), and diversity of habitat and environmental disturbance types. The following section is concerned mostly with the representation of alpha diversity at the biological organization level of species and above. Although general ecological studies apply the following indices in the context of species, most nematode communities are enumerated at coarser resolutions because species identifications based on morphology are difficult (Neher, 2001 ). Besides, functional groups are a practical necessity because the effect of individual species on ecosystem processes has yet to be determined (Chapin et al., 1992) .
Diversity indices have their roots in post-World War II information theory with the goal of optimizing code length for digital communication. Theoretically, alpha diversity, richness, and evenness indices are applicable to any taxonomic level, which is thought to convey information, whether it is species, genus, family, or trophic group. The appropriate resolution should be determined by the objectives of the study. From an information-theory perspective, if information is lost at coarser resolutions then the corresponding index would be unlikely to distinguish among samples and statistical populations. From an ecological perspective, however, if ecological information is lost at fine resolution, the corresponding index may also be unlikely to distinguish among samples and treatments. To illustrate this, we have computed Shannon's diversity index at the species, genus, family, and trophic group level (Table 4 .1) from data published by Yeates and Cook (1998) . Each soil type exhibits a unique pattern of diversity between management practices when viewed at various levels of taxonomic resolution. Identity independent indices and their calculation 22
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A variety of identity-independent indices is available to serve different purposes in different 24 circumstances (Hill, 1973; Peet, 1974; Pielou, 1975 Evenness is the equitable distribution of proportions or relative abundance. Diversity, then, is a 28 combination of both richness and evenness elements. Each diversity index weights richness and 29 evenness uniquely, but all diversity indices generally function so that an increase in either 30 richness or evenness will always increase diversity. In some reports, the term diversity continues 31 to refer simply to the total number of species; it is preferable, however, to restrict the use of 32 'diversity' to incorporate both the number of species and evenness. Formulae for calculating 33 several common indices are summarized in Brillouin's maximum diversity) is the integer portion of (N/S), Y = X+1, and r = the remainder of X. The procedure for enumerating nematodes should be standardized with each experiment 2 or sampling regime to prevent artifacts of sampling effort when reporting richness and diversity 3 indices. Nematodes are enumerated differently than, for example, vascular plant surveys, in that 4 nematodes are not enumerated as they appear in situ, but rather are extracted from soil, benthos, 5 or water samples. Nematode density generally varies widely from sample to sample, so the 6 number of nematodes enumerated is a representative subset of the total number extracted, i.e., an 7 unknown number at the time of sampling. Therefore, species richness is the appropriate term to 8 refer to the total number of species found when enumerating a uniform number of extracted 9
individuals (e.g., 200 from each sample) from samples of a uniform initial mass or volume. censused communities that are computationally complex. Brillouin's maximum theoretical 28 diversity is computed with the assumption that all individuals are distributed as uniformly as 29 possible, and minimum theoretical diversity is computed assuming all individuals are distributed 30 as asymmetrically as possible. Two forms of evenness can be computed, the first as diversity 31 relative to maximum diversity and the second ('relative evenness') as diversity relative to 32 maximum diversity but scaled to minimum diversity. The former relative evenness (not scaled to 33 minimum diversity) can be based on two estimates of diversity depending on whether the user 34 wishes to assume a finite or infinite community enumeration. Use Brillouin's sample diversity 35 relative to Brillouin's maximum diversity when assuming a finite community enumeration, or 36 Shannon's population diversity relative to the natural logarithm of richness when assuming 37 infinite community enumeration. The second 'relative' form of evenness (scaled to minimum 38 diversity) uses Brillouin's calculation of diversity from a censused community. Although 39 nematode communities are rarely, if ever, fully censused in nature, the assumption of complete 40 enumeration may be appropriate in some unique applications, e.g., small isolated habitats or 41 virtual individuals in a computationally simulated model community. 42
Ecologists disagree on the best method to incorporate both richness and evenness, as well 43 as the degree to which dominant and rare species, respectively, should influence the index. 44
Therefore, exercise caution in application and interpretation of diversity indices. Shannon's 45 
19
/* SAS fact(n) may not compute factorials for large n (> 100) so it is necessary to run */; 20 /* an alternate module to compute the log of n! by suming a vector of 1:n */; 21 /* IML module to compute natural log of factorial of large (>100) n */; 
Ecological succession 15 16
Ecological succession refers to a relatively predicable or directional sequence of spatio-temporal 17 patterns of ecological interactions within a community. As species composition changes, it alters 18 the abiotic environment, which in turn selects against the existing community favoring a 19 community composition that performs better under the newly created abiotic environment. The 20 concept originated in plant ecology (Whittaker, 1975) , but also applies to invertebrate 21 communities in soil and sediment. Succession usually progresses directionally unless set back 22 by an environmental disturbance such as cultivation, pollution, or nutrient enrichment (Neher, 23 1999) . Therefore, quantitative measures of ecological succession can serve as indicators of 24 disturbance. With improved knowledge of synecology of nematode communities, one could 25 identify the type and intensity of disturbance based on an index of succession. 26 Bongers (1990) proposed an index of ecological succession for application to nematodes 27 whereas Ruf (1998) applied a similar approach to mesostigmatid mites. An alternative approach 28 is to quantify species assemblage patterns. This can be achieved by repeated sampling methods 29 or a Mantel test (Manly, 1997) . These approaches are computationally intensive but practical 30 given the speed of current computer systems. Repeated sampling methods include techniques 31 referred to as bootstrap, resampling, jackknife, randomization, and Monte Carlo (Manly, 1997 hypotheses that concern the (dis)similarity of order and composition between two communities 36 or treatments. A third variable, e.g., spatial pattern can be adjusted by using a partial Mantel test. 37
These approaches are rank or distribution-free which allow them to be applied to small and 38 unbalanced data. Data are reshuffled or resampled repeatedly for 10,000 to 100,000 times to 39 compute a P-value and confidence intervals. The level of significance possible is affected by the 40 choice of distance measure (Jackson, 1995 Neutral community assemblage models 1 2
In addition to the niche-based models that are the impetus for the successional, seasonal, 3 disturbance, and habitat-based studies that dominate historical nematode community analyses, 4
non-neutral models present a necessary alternative perspective to spatial-temporal dynamics of 5 communities. Neutral models have been in use for some time but were brought to the forefront of 6 ecology as Hubbell (2001) and inferential hypothesis-testing, that can be combined into a two-phase approach that might 34 begin with an exploratory phase that seeks patterns in nature by asking "to what can I ascribe the 35 variation in my data?" The second phase, then, tests the hypotheses that were generated by 36 asking "can I reject the null hypothesis that species are unrelated to each other or postulated 37 environmental factor(s)?" In this way, multivariate analysis is useful in evaluating nematode 38 community structure as a biological indicator by keeping the identity of individual taxa explicit 39 throughout the analysis. Below, we discuss two types of multivariate analysis commonly applied 40 to nematode communities, cluster analysis and ordination (see also Trett et al., Chapter 12, this 41 volume). Commercial software packages that compute these procedures are summarized in Table  42 4.5. 43 Cluster analysis treats each multivariate observation (sample) as a vector and attempts to group 3 vectors that are similar to each other into clusters (see Figure 12 .5). Cluster analysis begins with 4 a (dis)similarity matrix, often computed as the Euclidean distance among all pairs of vectors. Analysis simply maximizes linear distance measures of the ordination in metric space (using a 1 distance matrix), while NMDS is analogous to a non-parametric variant of PCoA by maximizing 2 rank distance measures of the ordination in non-metric space. Computer software packages are 3 commercially available to compute any of these methods (Table 4 .5). 4 The concept of eigenanalysis, used in the remaining indirect and direct gradient analyses, 5 is important but somewhat more tedious. Eigenanalysis is a procedure to reduce the 6 dimensionality of data that also begins with a square distance, similarity, correlation or 7 covariance matrix. The result of eigenanalysis, an eigenvalue and its corresponding eigenvector, 8 describes the data matrix as a multidimensional volume. Consider a cluster of samples with three 9
species (x, y, and z) plotted in three-dimensional space (i.e., along axes x, y, and z) that take the 10 shape of a ball. Eigenanalysis of these data circumscribes a volume around the points and the 11 dominant eigenvalue (one of three) describes the length of the longest dimension and so 12 describes the greatest amount of variance in the data. If the second eigenvalue, which is the 13 length of the second longest dimension, is much shorter than the first eigenvalue, the ellipse 14 around the points in these two dimensions is oblong, and the three-dimensional volume 15 resembles the shape of a rugby football. Just as eigenvalues describe the shape of the volume of 16 data points, eigenvectors describe the orientation of the data points, with the first eigenvector 17 defining the orientation of the first eigenvalue, and so on. 
